Background-Hepatitis C virus (HCV) testing and counseling have the potential for impacting individual behaviour and transmission dynamics at the population level. Evidence of the impact of HCV-positive status notification on injection risk reduction is limited. The objective of our study was to (1) assess drug and alcohol use and injection risk behaviors following notification; (2) to compare behaviour change in people who inject drugs (PWID) who received a positive test result and those who remained negative; and (3) to assess the effect of age on risk behavior.
INTRODUCTION
Hepatitis C virus (HCV) infection is a serious and common infection among people who inject drugs (PWID) worldwide, for which there are no current vaccines and limitations around the delivery of clinical treatments and prevention modalities. Of an estimated 15.9 million PWID globally, HCV prevalence is estimated between 50% and 90%, and PWID are the population at highest risk of incident infection in high, and in some cases middle-and low-income, countries. [1] [2] [3] Harm reduction strategies, such as needle/syringe programs (NSP) and opiate substitution therapy (OST), have helped curtail HIV infection among PWID. Recent studies have observed an association between NSP and OSP with a reduction in HCV incidence. [4] [5] [6] [7] [8] [9] [10] [11] Unfortunately OST and NSP coverage still falls short of universal coverage for the majority of PWID populations; as reflected in HCV incidence rates between 11-42 per 100 personyears in PWID populations in North America, Australia, and Europe. [12] [13] [14] HCV testing and counseling may provide a valuable addition to the HCV prevention toolkit for PWID where notification can be used as an opportunity to influence individual behaviour and transmission dynamics through identification of new infections.
To date, evidence has been mixed on whether a HCV-positive notification impacts subsequent risk behaviour among PWID. Cross-sectional studies have shown no association between HCV status notification and injecting behaviour change, 16, 17 whilst both crosssectional and prospective studies have observed that knowledge of HCV seroconversion was associated with lower alcohol use. 18, 19 Prospective studies of HCV seronegative active PWID followed over time make it possible to examine the influence of HCV test notification on subsequent behaviour change. A recent prospective longitudinal study of young PWID recruited from illicit street drug markets in Melbourne, Australia observed a small decrease in injection frequency following notification of a positive infection status. 20 A comparable study among older PWID in Montréal, Canada observed a decrease in syringe sharing following notification of both virus positive and negative status in addition to a decrease in cocaine and heroin injection use among HCV seroconvertors following positive status notification. 21 These findings were limited by small sample sizes and single PWID cohort samples.
The International Collaboration of Incident HIV and HCV Infection in Injecting Cohorts (InC 3 Study) is a multi-cohort study of pooled biological and epidemiological data from prospective studies of PWID in Canada, United States, The Netherlands, and Australia 22 and provides robust data to study risk, incidence, and natural history of HIV and HCV infection across a diverse range of PWID. These multi-country data from initially HCV seronegative PWID followed prospectively offer a unique opportunity to examine the influence of HCV test notification on subsequent injecting behaviour change. The objectives of this study were three-fold: (1) to longitudinally assess substance use and injection behaviours following HCV status notification; (2) to compare injection risk behaviour changes over time between PWID who received a HCV-positive notification (seropositive) and those who received a HCV-negative notification (seronegative); and (3) to assess the effect of age on injection and alcohol risk behavior changes over time following HCV status notification by HCV serostatus notification group.
MATERIALS & METHODS

Study Population and Design
InC3 Study participants were recruited and followed periodically between 1985 and 2011. Overall InC3 Study data includes participants enrolled as HCV negative and who were followed prospectively with systematic testing for HCV infection, or who were enrolled with documented new HCV infection in the two years prior to enrollment. 22 The current study uses data from participants identified as (1) anti-HCV negative at time of study enrollment; (2) having lifetime history of injection drug use, and (3) having a minimum of 3 behavioural data time-points and a minimum of two serological data time points (Figure 1 ). All cohorts conduct anti-HCV and HCV RNA testing at study enrolment and at regular intervals. All participants provided written informed consent and local ethics committees approved all cohort protocols. Complete study procedures for the larger InC3 Study have been reported elsewhere, 22 with detailed individual study recruitment and follow-up procedures available from the InC3 website (https://inc3.epi-ucsf.org) and summarized in Table 1 .
The exposure of interest was a binary measure based on HCV seroconversion notification. Specifically, persons receiving a HCV-positive test (anti-HCV positive or HCV RNA positive after at least one previous negative anti-HCV) were defined as having a change in status notification. Participants were defined "HCV negative", reflecting no change in their HCV-status, if they received a negative HCV test result. For easier reading, we use the following terms hereafter: "HCV positive diagnosis" for participants receiving a notification of HCV-positive and "HCV negative" for those who tested anti-HCV negative at follow-up.
We employed a within-cohort matching approach to help mitigate the potential influence of site-specific counseling methods and repeated HCV-post test counseling overtime that matched newly diagnosed HCV positive PWID to a PWID who remained HCV-negative based on similarity of visit distribution. 23 "Baseline visit" refers to the data collection time point immediately preceding a new HCV positive diagnosis visit, which was matched to a correspondingly timed visit for the HCV negative counterparts. This process ensured that baseline dates were not significantly different between the HCV positive and HCV negative groups relative to the time of observation in their respective cohort. Of the total 195 HCV positive diagnosed persons eligible for matching, 190 (97.4%) were directly matched to 190 HCV negative participants (Figure 1 ).
Outcomes
The primary outcomes of interest included four binary (yes/no) self-reported behavioral measures: (1) recent injection drug use, (2) recent receptive syringe sharing; (3) recent receptive injection equipment sharing and (4) recent alcohol use. Each of the four cohorts studied in this analysis employed their own data collection instruments which specified slightly different recall periods for collecting data on the four outcome variables at each interview point across the observation period. Study participants were asked at each interview to report injection drug use, receptive syringe sharing, receptive ancillary equipment sharing and alcohol use within either the previous 1 or 3 months, depending upon the cohort and thus the collection instrument used. Therefore "recent" behavior explicitly refers to behavior reported in either the 1 month or 3 months prior to the interview date, depending upon the cohort. Cohort was included as an adjusting covariate in the outcome models to correct for these differences in recall periods at interview across cohorts as further described in the statistical analyses section. Injection drug use, receptive syringe sharing, and receptive injection equipment sharing were selected because they are behaviours with established associations with HCV transmission and acquisition. 14, 24, 25 We included recent alcohol use as a secondary outcome measure behaviour given its clinical relevance to liver disease. [26] [27] [28] [29] 
Statistical analyses
Socio-demographic characteristics of the sample were summarized using medians and interquartile ranges (IQR) for continuous measures, and frequency and percentages for categorical measures. HCV positive diagnosed PWID were compared to HCV negative participants on key baseline characteristics using chi-squared tests, Wilcoxon rank-sum, or Kruskal-Wallis test as appropriate with a Bonferroni adjustment for multiple comparisons.
Analyses focused on changes over time in the frequency of the corresponding binary outcome across all visits following the pre-conversion visit. A separate Generalized Estimating Equation (GEE) models was fitted for each behavioral outcome, clustered by the matched pair. All GEE models compared HCV positive diagnosed PWID to matched HCV negative controlling for time since baseline, age, gender, site and baseline-levels of the corresponding outcome. Younger age and male gender were identified a priori as potential correlates of increased risk and included in the models as probable confounders of the association between status notification and subsequent risk behavior. As the models were concerned with, explicitly, behavior change from baseline, baseline risk behavior was further included in the model as an adjusting explanatory variable. Cohort/site was also included as a model covariate to adjust for systematic differences between cohorts including differences in the recall period at each interview as described in the outcomes section. The influence of increasing time away from the notification event was adjusted for by also including time since baseline as a model covariate. Each model in the primary analysis was limited to this specific suite of predictors to avoid over-fitting the observed data. All GEE models were specified using a binomial family function, a logit link and an exchangeable within-group correlation structure. 30 Time was categorized into three-month intervals from the pre-seroconversion visit. The effect sizes are expressed as odds ratios (ORs) or adjusted ORs per three-month increment with 95% confidence interval (95% CI) and statistical significance was assessed with a model-based Wald test (2-tailed, alpha=0.05). Next, we assessed if trends for each outcome behaviour were significantly different between HCV positive diagnosed and HCV negative PWID by extending the GEE models to include a two-way interaction term between time and the serostatus group, where a significant interaction term indicated a significant difference in post-baseline behavior by notification group. To further assess whether age at baseline influenced post-notification risk behavior we conducted additional GEE modelling stratifying the models as described above for each outcome by age, where age was dichotomized as less than 25 years and 25 years or more. The choice of 25 years of age as the cut-point for this subgroup analysis was based on both analysis of the distribution of ages across the matched sample (median age of 25 across the full matched sample) coupled with consideration of age distributions in relevant, precedent studies. This age division further ensured adequate power across all outcomes within both age groups.
All behavioural outcome measures satisfied the assumption of linearity when assessed using a Cochran-Armitage linear trend test. 31 For outcome measures trending toward nonlinearity (0.05<p <0.15), GEE models were further expanded to include an interaction between a quadratic function of time-since-baseline and seropositive/seronegative group status. These quadratic models were then compared to their linear equivalent using a QuasiLikelihood Information Criterion (QIC) appropriate for GEE based models, where a smaller QIC metric corresponds to a better fit. 32 For all outcomes the linear models provided a better fit of the observed data compared to the quadratic models and thus the linear models were preferred. To further corroborate our presumption of a linear trend as presented in the primary analysis, we disaggregated the observation period into a series of smaller time periods and applied piecewise regression splines to assess the presence of sub-trends within post-baseline outcome behaviour. 33 These models performed significantly poorer than either the linear or quadratic GEE modeling, and thus the linear models were preferred. To further test our primary models for the influence of omitted socio-economic factors we extended the base models to include housing arrangements, employment and education as adjusting covariates in a sensitivity analysis. These alternate models were compared against the primary models using the QIC. The a priori stopping rule adopted in this study for determining the number and type of concurrent explanatory variables to be included in any one adjusted model was derivation of the best fitting model that did not over-fit the observed data, as determined by QIC. For all analyses p<0.05 was considered significant. All analyses were undertaken in Stata version 12 (StataCorp, College Station, Texas) and R (R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
Participant characteristics
Of the 829 PWID who satisfied the inclusion criteria, 195 (23.5%) received a HCV positive diagnosis during follow-up whilst 634 (76%) remained HCV negative throughout the study period. The matched sample was primarily male (72%), white (89%), with a median age at study enrolment of 25 (IQR: 22-31), and just over half (56%) completed high school. Across the full sample (n=380) that median time between enrolment into one of the InC3 cohorts and subsequent assignment of baseline was 1.3 years (IQR: 0.6, 2.5). Groups did not significantly differ in either their time from enrolment to baseline (p=0.382) or their number of pre-baseline visits (p=0.509). Post-baseline follow-up time was significantly higher (p=0.001) in HCV positive diagnosed PWID (median 2.1 years, IQR 1.1, 3.8) compared with HCV negative PWID (median 1.3 years, IQR 0.5, 2.9). Table 2 compares baseline characteristics of the 380 participants according to their HCVserostatus. The HCV positive diagnosed group was significantly younger (25 vs. 26, p=0.046), had injected drugs for a shorter period (median: 5 vs 6 years, p=0.013), with a greater proportion unstably housed and without full-time employment at baseline, compared to HCV negative PWID. Overall, the most common drug injected was heroin, with a significantly larger proportion of HCV positive diagnosed PWID reporting heroin as the primary drug injected. At baseline, a greater proportion of HCV positive diagnosed PWID reported recent injection drug use, recent receptive syringe sharing and recent sharing of other ancillary injecting equipment compared to HCV-seronegative participants. There was no difference in recent alcohol use at baseline (56% vs. 61%, p=0.317) ( Table 2) .
Socio-demographics and baseline characteristics
Changes in risk behaviors over time
HCV positive diagnosed PWID demonstrated a 5% per 3-month reduction post-notification in the odds of recent injection drug use (adjusted Odds Ratio: aOR 0.95, 95% CI 0.93-0.96) compared with a 3% reduction in HCV negatives (aOR 0.97, 95% CI 0.94-1.00) (Table 3) , however no interaction was observed over time by group (p=0.160). Post notification reductions were also observed in receptive syringe sharing in both groups: HCV positive diagnosed PWID (aOR 0.97, 95% CI 0.94-1.00) and the HCV negative group (aOR 0.92, 95% CI 0.87-0.97) with the interaction term (p=0.187) again demonstrating a nonsignificant difference by group. No significant change in receptive sharing of ancillary injecting equipment was observed (interaction p=0.232). Alcohol use post-disclosure increased significantly among HCV positive diagnosed PWID (three-month aOR 1.02, 95% CI 1.01-1.04) compared with HCV negative (aOR 0.99, 95% CI 0.98-1.02) (interaction pvalue=0.023). Median (IQR) age at which increased alcohol consumption was reported across the sample was 26.6 years (24.1, 32.2). The HCV positive diagnosed group were significantly(p=0.002) younger when reporting post-baseline increase in alcohol consumption with a median (IQR) age of 24.3 years (21.2, 28.5) compared with 26.4 years (24.0, 30.6) in the HCV negative group.
Stratifying each of the outcome models by age, no difference was observed across younger ( <25 years of age at baseline) HCV positive and HCV negative PWID (interaction p=0.093) in the three-month odds of recent injection drug use post-notification, with both notification groups demonstrating a 2% reduction per three-month post-notification period; among older (≥25 years of age at baseline) PWID, HCV positive PWID demonstrated a marginally greater reduction in post-notification recent injection drug use compared to the HCV negative group (7% per 3-months compared vs 6%; interaction p=0.087) ( Table 4) . Among younger PWID, a marginally significant reduction in recent syringe borrowing was observed in HCV negative group compared to HCV positive diagnosed cases (6% reduction in the 3-month odds compared with 1%, interaction p=0.087); and no significant difference across the older HCV positive diagnosed cases compared to the HCV negative group (5% reduction in 3-month odds in both groups; interaction p=0.769). Regarding recent receptive injection equipment sharing), among younger PWID, the HCV negative PWID increased receptive sharing post-notification (4% increase in the 3-month odds) whilst HCV positive PWID experienced no change in risk (0% increase). This did not represent a significant difference by notification group (interaction p=0.301). Among older PWID, no significant difference in recent receptive syringe sharing (interaction p=0.606) or alcohol use (interaction p=0.528) was observed between the HCV positive and HCV negative groups. However among younger PWID, those receiving a positive HCV-test notification demonstrated a significant increase in the odds of alcohol use compared to younger HCV negative PWID (3% increase in 3-month odds vs 1% reduction, interaction p=0.009).
To assess whether the significantly greater post baseline follow-up and number of visits in the HCV positive diagnosed group conferred a potential ascertainment bias relative to the HCV negative group, we re-ran the modelling using simultaneous censoring of the matched pair as a sensitivity analysis (Supplementary Table 1 ). This involved censoring the followup of both HCV positive diagnosed and HCV negative members of the matched pair at the point of earliest censoring of either member of the matched pair. Although these changes resulted in a marginal decrease in the magnitude of the hazard reductions or increases, there was no change in the pattern and direction of significant hazards or interaction terms when compared to the primary analysis. The inclusion of employment, education and housing arrangements as adjusting covariates in an additional sensitivity analysis (Supplementary  Table 2 ) resulted in no significant change to either the magnitude or pattern of significance of our primary HCV notification group predictor for any of the four outcome risk behaviors studied whilst returning a poorer overall fit of the observed data, relative to the primary analysis.
DISCUSSION
This is the first study to examine the impact of HCV seroconversion notification on subsequent risk behaviors across multiple study sites and continents. Given the mixed evidence base around the impact of HCV status notification on subsequent injection drug and alcohol risk behavior, and the overall limited quantity of study data currently informing Centres for Disease Control and Prevention guidelines on testing and counseling, 34, 35 this study provides a comparatively higher-powered, cross-setting corroboration of previous observations from single site studies that syringe sharing decreases following status notification regardless of HCV status and extends this observation to injection drug use in general. Conversely, our results contradict previous suggestions that alcohol use decreases following notification of a HCV positive diagnosis, with observation of a significant increase in alcohol use post-notification of a HCV positive diagnosis. No difference was observed in receptive sharing of ancillary injection equipment in either HCV positive or negative groups.
Whilst our study did not collect data on the quantity of alcohol used, our observation of a modest, albeit significant, increase in the proportion of participants using any alcohol following notification of a HCV positive test points to a need for ongoing risk reduction initiatives in this area. An increase in alcohol consumption has been observed during periods of injection cessation, potentially as a compensation mechanism. 36 Alcohol-related liver disease in HCV infected subjects is associated with higher standardized mortality ratios 37, 38 and consumption exceeding 50 grams daily is associated with progression to cirrhosis in the chronically infected. 39 Lastly, alcohol use can interfere with the immune system's ability to naturally clear HCV infection. 40 Our results suggest a greater role for post-test counselling that stresses the importance of managing post-disclosure alcohol consumption patterns to delay or prevent disease progression and support recent WHO guidelines to this same effect. 41 Our exploratory analysis of age-related effects observed interesting differences in recent high-risk behaviors post HCV-test notification by age group. Across the sample, HCV infected PWID were younger when reporting increased alcohol consumption relative to HCV negative PWID (24.3 years vs 26.4 years, p=0.002). Among younger PWID, those receiving a positive HCV test notification significantly increased their consumption of alcohol compared to the HCV-negative group. This finding highlights the unique vulnerability young PWID experience and could inform tailoring post-HCV test counseling protocols to include alcohol related resources.
More recent data from Australia and Canada have suggested more sustained protective behavioral changes associated with the notification process. 20, 21 Consistent with our observation of a trend towards a reduction in injection use, a recent prospective, longitudinal study of the Melbourne-based subset of the InC 3 cohort studied here, using a similar GEEbased modelling approach, observed that PWID who received a diagnosis of HCV during the study period were associated with, on average, a decrease of 0.35 injections per month post HCV-disclosure (p=0.046). 20 Whilst our study observed a significant decrease in recent injection drug use specifically among HCV positive diagnosed, this was not significantly different to the equivalent trend in the HCV negative group which in part may be secondary to characterizing recent use as a binary variable rather than the potentially more powerful frequency of injection outcome. Bruneau et al further applied a comparable modeling strategy as employed by our study to show a linear reduction in injection of both heroin and cocaine post-disclosure of HCV status, contrasting with the absence of a comparable trend in PWID remaining seronegative following screening. 21 The demographics of this cohort, including a majority of chronic cocaine and opioid users with a mean age of 36 years old might partially explain differences in outcomes.
In the setting of the behavioral changes observed by our study, it is clear that timely notification of a HCV result presents an important opportunity to discuss behavior change and injection partnership notification as a risk-mitigation strategy and a potential circuitbreaker for subsequent infection or re-infection. This underscores the importance and potential value of timely notification, injection partnership notification and expanded postnotification counselling. 42, 43 A recent systematic review of 28 qualitative studies examining PWID experiences with HCV testing identified several major themes including missed opportunities at the time of notification for sharing information and advice, particularly when a positive test result was unexpected. 44 Training for healthcare providers and health organizations in the practice of non-judgmental care may expand the reach of current HCV testing and counseling programs behavior. 45 Our study has several limitations. First, given the longitudinal nature of our study, data may have been influenced by attrition bias. A sensitivity analysis applying simultaneous censoring to each member of the matched pair resulted in model estimates that were consistent with the non-censored models. Whilst censoring in the setting of a nonrandomized, observational study of drug and alcohol behavior is unlikely to occur at random, these results suggests differentials in follow-up and ascertainment opportunity were not large enough to adversely impact significantly upon the model results. Second, our analyses rely on self-reported data. Although there is some published evidence to suggest that drug users provide reliable and valid responses, the risk of self-report bias remains a possibility, whether associated with recall problems of social pressures discouraging full disclosure of risk behavior. 46 Lastly, differences across individual study instruments limited our ability to include potentially important covariates that may have influenced behavior change such as drug treatment uptake, mental health status, HCV-treatment uptake, medical care access and social network characteristics in addition to outcome variables such as injection frequency and number of injecting partners.
Notification of a change in HCV-serostatus marks an important opportunity for risk reduction counseling. Our findings extend upon those from Australia and Canada to show the opportunity to better utilize the test notification event as a target for education and harm reduction counseling. Our study used a multi-cohort sample to observe a small, significant increase in alcohol use following notification of HCV seropositive test. Based on the observations in our and comparable studies, the importance of strengthening our current HCV testing program is warranted. In a time when both financial resources and time are limited, streamlining prevention programs are of great importance. Expanding current testing and counseling programs to evaluate their protocols to improve test result notification numbers, targeted testing for younger PWID, and multimedia modes to share HCV risk reduction information will add considerable value to current prevention efforts. The potential benefits of such interventions are, broadly speaking, two-fold: 1) a reduction in the incidence and prevalence of virus transmission with a consequent reduction in people being infected with HCV and 2) a reduction in the morbidity and mortality associated with infection due to the decreased number of new infections and the earlier identification of those already infected. Thus the gain associated with strategic targeting of empiricallyguided interventions based on real world data such as that described in this study is by definition felt in two spheres -the individual PWID and broader public spheres. The expense to public health-care systems of treating and managing the decompensated cirrhosis associated with chronic HCV infection has been estimated to range from US$24000-39000 in lifetime disease costs. [47] [48] Reducing transmission and limiting disease exacerbation through alcohol exposure can in part offset these considerable treatment and hospitalization costs to community. A strategy of targeting both screening and interventions at riskier PWID can further avoid the costs and false-positives associated with mass screening.
Although not examined here, a comparison of the effects of rapid HCV testing and on HCV RNA disclosure on injection risk behavior change should be explored. Similarly, consideration of the characteristics of the social network in which PWID interact via formal networks analysis may provide valuable insights into network-based moderators of risk behavior. Finally, research into the impact of counseling on HCV incidence would formally corroborate a role for post-HCV test notification in modification of risk behavior which may subsequently impact on HCV transmission, comparable to what has been undertaken within HIV research. 49, 50 
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